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(57)  An electric household appliance (1) having a
hot-air generator (7) for feeding/drawing hot air to/from
a drying drum (3) along an air-circulating pipe (8); a
number of heat exchangers (10, 11) located along the
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able compression members (9a), and an electric motor
(9b) for operating the movable compression members
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which controls the speed of the electric motor (9b) to
achieve an intermediate speed (v;,;) lower than a maxi-
mum speed (vyax) of the electric motor (9b), and acti-
vates/deactivates the fan (14a) to maintain the temper-
ature (T) of the refrigerant within a predetermined range
of a target temperature (T,).
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Description

[0001] The present invention relates to an electric
household appliance and relative operating method.
[0002] More specifically, the present invention relates
to a washer-drier machine employing a wash fluid com-
prising a silicone solvent and/or water, or to a tumble
laundry drier; to which the following description refers
purely by way of example.

[0003] Asisknown, knownhometumble laundry driers
comprise: a substantially parallelepiped-shaped casing;
alaundry drying drum mounted inside the casing to rotate
about an axis of rotation, and facing a laundry loading-
unloading opening formed in the front wall of the casing;
a door hinged to the front wall of the casing to rotate to
and from a work position closing the opening in the front
wall; and a drive assembly for rotating the laundry drying
drum about its axis of rotation.

[0004] Driers of the above type also comprise a hot-
airgenerator for generating and circulating inside the dry-
ing drum a stream of hot, low-moisture air which flows
through the drying drum to rapidly dry the laundry inside.
[0005] More specifically, in some recently marketed
driers, the hot-air generator operates in the same way
as a heat pump, circulates the same air inside the drying
drum, and continually extracts the surplus moisture from
the hot air issuing from the drying drum after flowing
through the laundry inside the drum.

[0006] The hot-air generator comprises a refrigerant
compression device or so-called compressor, which
transfers heat from one fluid to another by means of an
intermediate refrigerant subjected to a closed thermody-
namic cycle, so as to rapidly cool and so reduce the mois-
ture content of the air issuing from the drying drum.
[0007] In driers of the above type, the compressor
comprises a reciprocating or rotary mechanical compres-
sor assembly to compress the intermediate gaseous re-
frigerant; and an electric motor, the output shaft of which
is connected to the mechanical compression member to
rotate or produce reciprocating movement of the com-
pression members.

[0008] More specifically, the electric motor is designed
to rotate its output shaft at constant speed, and to rotate
or produce a reciprocating movement of the compression
members to obtain a substantially constant average flow
of compressed refrigerant, and is controlled by the elec-
tronic central control unit via an on/off control system,
which turns the electric motor on/off, depending on the
balance condition of the intermediate refrigerant thermo-
dynamic cycle.

[0009] More specifically, the blade rotation speed or
linear piston speed of the compression members of the
compressor can only assume two values: maximum,
when the heat pump is working; or zero, when the heat
pump is off.

[0010] As is known, at present, one of the major re-
search goals in the drier market is that of devising
straightforward, low-cost technical solutions by which to
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simultaneously reduce electric energy consumption and
the noise level of the drier.

[0011] Accordingly, considerable effort has been
made over the past few years to achieve relatively low
overall electric energy consumption of the compressor,
and, at the same time, to greatly reduce the noise level
of the compression members of the compressor. A lot
still remains to be done, however.

[0012] Itis therefore an object of the present invention
to provide an electric household appliance, in particular
a home laundry drier, which is highly efficient in terms of
energy consumption, has a low compressor noise level,
and is particularly cheap to produce.

[0013] According to the presentinvention, there is pro-
vided an electric household appliance, in particular a
laundry drier, as claimed in Claim 1 and preferably,
though not necessarily, in any one of the Claims depend-
ing directly or indirectly on Claim 1.

[0014] According to the presentinvention, there is also
provided a method of operating an electric household
appliance, as claimed in Claim 6 and preferably, though
not necessarily, in any one of the Claims depending di-
rectly or indirectly on Claim 6.

[0015] According to the presentinvention, there is also
provided an electronic control device for installation in an
electric household appliance, and as claimed in Claim 9.
[0016] According to the presentinvention, there is also
provided a software product as claimed in Claim 10.
[0017] A non-limiting embodiment of the present in-
vention will be described by way of example with refer-
ence to the accompanying drawings, in which:

Figure 1 shows a schematic lateral view of a tumble
laundry drier in accordance with the teachings of the
present invention;

Figure 2 shows time graphs of the rotation speed of
a compression device and refrigerant temperature
in the course of an energy-saving drying cycle im-
plemented by the Figure 1 drier.

[0018] Number 1 in Figure 1 indicates as a whole an
electric household appliance, in particular a home laun-
dry drier, substantially comprising a preferably, though
not necessarily, parallelepiped-shaped casing 2; and a
laundry drying drum 3, which houses the laundry to be
dried, is mounted to rotate freely inside casing 2 about a
respective axis of rotation L, and directly faces a laundry
loading-unloading opening 2a formed in the front wall of
casing 2.

[0019] Drier 1 also comprises a drive assembly 4 for
rotating laundry drying drum 3 about its axis of rotation
L; and adoor (notshown) hinged to the front wall of casing
2 to rotate to and from a work position closing opening
2a in the front wall to seal laundry drying drum 3.
[0020] Drier 1 also comprises a hot-air generator 7
housed inside casing 2 and designed to circulate inside
drying drum 3 a stream of hot, low-moisture air, which
flows over, to rapidly dry, the laundry inside the drum.
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[0021] More specifically, hot-air generator 7 operates
in the same way as a heat pump, by transferring heat
from one fluid to another by means of an intermediate
refrigerant subjected to a closed thermodynamic cycle,
the thermodynamic principles of which are commonly
known and therefore not described in detail, and provides
for gradually drawing air from drying drum 3; extracting
surplus moisture from the hot air drawn from drying drum
3; heating the dried air to a predetermined temperature,
normally higher than that of the air inside drying drum 3;
and feeding the heated, dried air back into drying drum
3, where it again flows over, to rapidly dry, the laundry
inside the drum. In other words, hot-air generator 7 con-
tinually dries and heats the air drawn from drying drum
3, to rapidly dry the laundry inside the drum.

[0022] In the schematic example shown in Figure 1,
hot-air generator 7 substantially comprises an air-circu-
lating pipe 8 connected at one end to a perforated rear
wall of drying drum 3 to feed hot air into drum 3, and at
the other end to a front portion of drying drum 3, from
which it draws moisture-laden air out of the drum.
[0023] Hot-air generator 7 also comprises a refrigerant
compression device 9, or so-called compressor, which
compresses the refrigerant (e.g. adiabatically) so that its
pressure and temperature are much higher at the outlet
than at the inlet of compression device 9.

[0024] More specifically, compression device 9 com-
prises a mechanical compression member 9a for com-
pressing the refrigerant; and a variable-speed electric
motor 9b, the output shaft of which is connected by a
transmission (not shown) to mechanical compression
member 9a to transmit the rotary movement generated
by electric motor 9b to mechanical compression member
9a.

[0025] More specifically, in one possible embodiment,
compression device 9 may be a rotary compressor, in
which mechanical compression member 9a comprises
blades rotating freely about an axis of rotation, and is
connected to the output shaft of the electric motor, which
rotates the blades to compress the gaseous refrigerant.
[0026] In another possible embodiment, compression
device 9 may be a reciprocating compressor, in which
mechanical compression member 9a comprises a piston
mounted to slide freely, inside a compression chamber
of compression device 9, between a suction position and
a compression position; and a mechanical transmission
device, which converts the rotary movement generated
by the electric motor to linear movement of the piston.
Reciprocating and rotary compression devices are
known and therefore not described in detail, except to
state that the variable-speed electric motor is preferably,
though not necessarily, an inverter motor or brushless
motor or any other similar electric motor.

[0027] With reference to Figure 1, hot-air generator 7
also comprises a first heat exchanger 10, or so-called
evaporator, located along air-circulating pipe 8 and con-
nected to compression device 9 so that the refrigerant
absorbs heat from the airflow from drying drum 3, thus
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condensing the surplus moisture in the airflow.

[0028] Hot-air generator 7 also comprises a second
heat exchanger 11, or so-called condenser, located
along air-circulating pipe 8 and connected to compres-
sion device 9 to receive the refrigerant and so release
heat to the airflow into drying drum 3.

[0029] Hot-air generator 7 also comprises a refrigerant
circuit 12 for circulating refrigerant through compression
device 9, first heat exchanger 10, and second heat ex-
changer 11, to perform the heat-pump thermodynamic
cycle.

[0030] More specifically, circuit 12 substantially com-
prises a first portion 12a connecting a heated-refrigerant
outlet of compression device 9 to an inlet of second heat
exchanger 11; a second portion 12b connecting an outlet
of second heat exchanger 11 to an inlet of first heat ex-
changer 10 via alaminar-flow valve 13; and a third portion
12c connecting an outlet of first heat exchanger 10 to an
inlet of compression device 9.

[0031] Withreference to Figure 1, drier 1 also compris-
es a ventilation device 14 in turn comprising at least one
fan 14a facing compression device 9 and rotating about
a respective axis R; and an electric motor 14b, which
rotates fan 14a to remove heat from, and so cool, com-
pression device 9.

[0032] Drier 1 also comprises an electronic central
control unit 15, which regulates the speed of motor 9b of
compression device 9 by means of a signal CV, and turns
electric motor 14b of ventilation device 14 on/off by
means of a signal CR, so as to rotate fan 14a, or not,
depending on the temperature T of the refrigerant circu-
lating in refrigerant circuit 12.

[0033] Drier 1 also comprises atleast one temperature
sensor 16, e.g. athermocouple, located along refrigerant
circuit 12 to transmit to electronic central control unit 15
the temperature T of the refrigerant circulating in refrig-
erant circuit 12. More specifically, in the Figure 1 exam-
ple, temperature sensor 16 is located along second por-
tion 12b of refrigerant circuit 12 to measure the temper-
ature T of the refrigerant issuing from second heat ex-
changer 11.

[0034] Drier 1 also comprises an interface device 18
enabling the userto selectan energy-saving drying cycle,
which substantially provides for reducing, for a given time
period, the rotation speed, with respect to a steady-op-
erating rotation speed, of electric motor 9b of compres-
sion device 9, and for simultaneously activating/deacti-
vating rotation of fan 14a to keep refrigerant temperature
T around a predetermined target temperature T,
[0035] The operating method of drier 1 will now be de-
scribed, assuming the energy-saving drying cycle has
been selected by the user on interface device 18.
[0036] With reference to Figure 2, when implemented
by electronic central control unit 15, the energy-saving
drying cycle comprises the following steps. To begin with,
ventilation device 14 is kept off, and electronic central
control unit 15 brings electric motor 9b of compression
device 9 up to its maximum steady speed vjax (interval
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Ain Figure 2).

[0037] The maximum steady speed vyax Of electric
motor 9b may be, for example, about 6000 rpm; and, at
this step, the refrigerant temperature T measured along
portion 12a of refrigerant circuit 12 increases rapidly (in-
terval A in Figure 2).

[0038] Itshould be pointout that by applying such max-
imum steady speed vypx to the electric motor 9b, the
dryer and the load to be dried therein are rapidly warmed
up, having a short heating transitory phase thus advan-
tageously speeding up the drying process.

After a predetermined interval AT of roughly 10-15 min-
utes from the start of the cycle, electronic central control
unit 15 reduces the speed of motor 9b to an intermediate
speed v;,; lower than the maximum steady speed and
ranging between roughly 1500-1800 rpm (interval B in
Figure 2). At this step, temperature T increases at a much
slower rate, on account of the reduction in speed v of
electric motor 9b reducing compressed-refrigerant flow.
[0039] When the measured temperature T reaches a
predetermined threshold Ty, 5x ranging between roughly
72-75°C, and preferably of 73°C, electronic central con-
trol unit 15 activates motor 14b of ventilation device 14
to rotate fan 14a, which begins removing heat from com-
pression device 9 to reduce refrigerant temperature T
(interval C in Figure 2).

[0040] At this point, electronic central control unit 15
maintains a substantially constant intermediate speed
Vit of motor 9b of compression device 9.

[0041] When the measured temperature T is below a
minimum temperature threshold T, ranging, for exam-
ple, between 65°C and 68°C, electronic central control
unit 15 deactivates motor 14b and, therefore, fan 14a of
ventilation device 14 (interval D in Figure 2), thus deac-
tivating heat removal from compression device 9 by fan
14a, and so once more increasing refrigerant tempera-
ture T (interval D in Figure 2). Temperature T is monitored
constantly by electronic central control unit 15, which re-
activates ventilation device 14 when the measured tem-
perature T exceeds maximum threshold Tyax (interval
E in Figure 2).

[0042] Motor 14b of fan 14a is activated/deactivated
repeatedly by electronic central control unit 15 when the
temperature T measured by temperature sensor 16 ex-
ceeds/falls below maximum/minimum threshold
Tmax! Tmin-

[0043] The advantages of the drier described above
are obvious : operating the electric motor of the compres-
sion device at a "low" intermediate speed with respect to
the steady-operating speed provides for reducing both
electric energy consumption and the noise level of the
compression members. More specifically, tests show a
roughly 40% reduction in energy consumption of the dri-
er, as compared with a known heat pump drier in the
same operating conditions.

[0044] Clearly, changes may be made to electric
household appliance 1 as described herein without, how-
ever, departing from the scope of the present invention
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as defined in the accompanying Claims.

Claims

1. An electric household appliance (1) comprising a
laundry drum (3) for housing laundry for drying; an
air-circulating pipe communicating with said laundry
drum (3); hot-air generating means (7) for feeding/
drawing hot air to/from said laundry drum (3) along
said air-circulating pipe (8); heat-exchange means
(10, 11) located along the air-circulating pipe (8) to
allow a refrigerant to absorb/release heat from/to the
airflow circulating in said air-circulating pipe (8); com-
pression means (9) having movable compression
members (9a) for compressing said refrigerant, and
an electric motor (9b) for operating said movable
compression members (9a); ventilation means (14)
having at least one fan (14a) rotating about a respec-
tive axis of rotation (R) to remove heat from said
compression means (9); and electronic control
means (15) for controlling said electric motor (9b) to
achieve a predetermined target temperature (T,) of
said refrigerant compressed by said movable com-
pression members (9a); said drier being character-
ized in that said electronic control means (15) con-
trol the speed of said electric motor (9b) to achieve
an intermediate speed (v;,;) lower than a maximum
steady speed (vyax) of the electric motor (9b); said
electronic control means (15) also maintaining said
intermediate speed (v;,;) of said electric motor (9b)
and alternately activating/deactivating said fan (14a)
of said ventilation means (14) to maintain the tem-
perature (T) of said refrigerant within a predeter-
mined range of said target temperature (T,).

2. An electric household appliance as claimed in Claim
1, wherein said electronic control means (15) meas-
ure the temperature (T) of said refrigerant, and acti-
vate said fan (14a) of said ventilation means (14)
when the measured temperature (T) exceeds a pre-
determined maximum temperature threshold

(Tmax)-

3. An electric household appliance as claimed in Claim
1 or 2, wherein said electronic control means (15)
measure the temperature (T) of said refrigerant, and
deactivate said fan (14a) of said ventilation means
(14) when said measured temperature (T) is below
a predetermined minimum temperature threshold
(Tmin).

4. An electric household appliance as claimed in any
one of the foregoing Claims, wherein said electric
motor (9b) is a variable-speed electric motor.

5. Anelectric household appliance as claimed in Claim
4, comprising interface means (18) enabling the user
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to select an energy-saving drying cycle, which pro-
vides for reducing, for a given time period, the rota-
tion speed of said variable-speed electric motor (9b)
of said compression means (9), and for simultane-
ously activating/deactivating rotation of said fan
(14a) to keep refrigerant temperature (T) around said
predetermined target temperature (To).

A method of operating an electric household appli-
ance comprising a laundry drum (3) for housing laun-
dry for drying; an air-circulating pipe communicating
with said laundry drum (3); hot-air generating means
(7) for feeding/drawing hot air to/from said laundry
drum (3) along said air-circulating pipe (8); heat-ex-
change means (10, 11) located along the air-circu-
lating pipe (8) to allow a refrigerant to absorb/release
heat from/to the airflow circulating in said air-circu-
lating pipe (8); compression means (9) having mov-
able compression members (9a) for compressing
said refrigerant, and an electric motor (9b) for oper-
ating said movable compression members (9a); ven-
tilation means (14) having at least one fan (14a) ro-
tating about a respective axis of rotation (R) to re-
move heat from said compression means (9); and
electronic control means (15) for controlling said
electric motor (9b) to achieve a predetermined target
temperature (T,) of said refrigerant compressed by
said movable compression members (9a); said
method being characterized by comprising the
steps of:

- controlling the speed of said electric motor (9b)
to achieve an intermediate speed (v;,;) lower
than a maximum steady speed (vyax) of the
electric motor (9b);

- maintaining said intermediate speed (v;;) of
said electric motor (9b) and, at the same time,
activating/deactivating said fan (14a) of said
ventilation means (14) to maintain the temper-
ature (T) of said refrigerant within a predeter-
mined range of said target temperature (T,).

A method as claimed in Claim 6, and comprising the
steps of : measuring the temperature (T) of said re-
frigerant, and activating said fan (14a) of said venti-
lation means (14) when the measured temperature
(T) exceeds a predetermined maximum temperature
threshold (Tyax)-

A method as claimed in Claim 6 or 7, and comprising
the steps of : measuring the temperature (T) of said
refrigerant, and deactivating said fan (14a) of said
ventilation means (14) when said measured temper-
ature (T) is below a predetermined minimum tem-
perature threshold (T .-

An electronic device (15) for controlling an electric
household appliance (1), characterized by imple-
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10.

menting a method as claimed in any one of Claims
6 to 8.

A software product loadable into the memory of elec-
tronic control means (15), and designed to imple-
ment, when executed, the method as claimed in any
one of Claims 6 to 8.
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